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Fingl Report Contract Nonr-}jlgool

Summary

One papsr has slready been published and circulated under thie
contract, namely "The Chsmical Effectes of Ultrasonics® by Virginig
Griffing (J. Chem. Phys., 20, 939-42 (1952)). A second technical report
has been circulated, i.e. "Luminiscsnce Produced as a Result of Intsnse
Ultrascnic Waves" by Virginie Griffing and D. Sette. Th;s is to be
modified somewhat and published in the Journal of Chemical Physics. In
addition a short paper on "The Effect of Ultrasonics on the Explosive
Sensitivity of Azawonium Psrmanganate™ by Virginia Griffing and Androj
Macek is to be published in the Transactions of the Faraday Society.
Copiee of these rzpers will be submitted with this report and reprints
cirsulated to the distribution 1ist when they are available,

In addition to the above papers this report includes a paper
"The Role of Dissolved Gases in Chom&cai.hoactions Produced by Ultrasonics®
by Mary Evelyn Fitzgereld and Virginia Griffing. These two preliminary
reports on cavitation are ;ncluded in this report. More work needs to be
dene before definite conclusione can bes reached. They are "On the Origié
of Cavitaiion in Liquids?, by F.E. Fox, V. Oriffing snd Danisl Sette, and
"Threshold of Cavitation in Water Saturated with Pure Gases and Gesecus
*dxtures", by Virginis Griffing and Daniel Sette. |

Two other studies fgro started under this contract and ars now

nearing completion under :-'G;~GB-255, Task Order 3. These studies are

ey
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d. The influence of various physical variables on the produc-
ion o HyOy in water with various dissoived gases and gas mixtures.,
2. The depolymerization of polystyrene in various organic
solvents by means ¢f ultrasonics.
With the help of the contract our experivental facilitiea were
improved so that cavitation experiments cen be undertaken over a frequency

range of 1/2 to 2 mo/sec at inteneities up tec 8 wutta/cnz.

Surmary of the Herse Important Results of this Stydy

1. Chemical reactions attributed to ultrasonics can be classi-
fied according to three meschanisms. 1) Rsactions due to cavitation never
occur without the formation of bubbles. All of these reactions take place
in ths gas phase, ars primarily thermal aid are dus to the heat dsveloped
during adiabatic compression. Thus, only reaccants with an appreciabis
'vapor pressure are affected. 2) Many reactions in the liquid phase are
of secondary origin due to reactions with dissolved products of the
primary reaction in the gas rhase. Luminescence is alsv & secondary
effect. 3) Some reactions are due to the uniform temperature e .svation
caused by absorption of acoustic enersy of vary high intensity in a
short path length,

2. Luminescence, when it does occur, is always present with
cavitation and starts at the same energy level as cavitation. Various
water solutions show luminescencs in the sawms rélaiive amounts as the
yield of the chemical r&action Sausad by intense sound waves. From this

1t is concludad‘thst, at lsast in these cases, the phenomsna is
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chemiluminescence, An ;ppa_reni fraquenay deperndence of the lumipnacernce
was observed; however, it was shown that the threshold of cavitation was
the frequency dependent phenomena.

3. The mcst imporient result of this atudy was the demonstra-
tion of the importance of measuring the intensity for the threshold of
cavitation as well as the intensity at which the experiments are con-
ducted under the specific experimental ccnditions before any conclusions

are reached about the effectis of warious physical variables,
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The Role of Dissolve< Gases in Chemical Reactions
Produced by Ulirasonics>

by
Mary Evelyn Fiizgerald®™ and Virginia Criffing

Abstract
A study has been made of the offacts of ultrasonice on the

decomposition of carben tetrachloride dissolved in water. The yield of

U ENE DRI R L P Y R T

: ifree chlorine and the change in pH of the solutions are reported ae &
function cf voltage and incident intensity. The measurements are made
on a series of solutions saturated with different gases., A definite
correiation is found bziwsen the yield of free chlorine and the ratios
of specific heat of the dissolved gases. Thus it isc concluded that the
primary reactions are itheimal deccumpositions in the gas phuse due to the

adiabatic compression of the gas bubhbles in the intense sound bhean.

Basare,

#  Supported by Office of Naval Research. Pa-t of tnis material is
taken from a Ph.D. thesis, Catholic University of America.

: *#  Nou at Mount St. Vincents Collsegs, Halifax, Hova Scotis.
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Introduction

It has been reccgnized for a long tiws by most investigators
that the prasenca of dissolvad gases is necessary before chemical reac~-
fions can be induced by ultrasonics. On the assumption that a diszolved
gas forme minute bubbles in the sound ficld, an explanation of these
phenomena has been suggested by one of ua.l It has besn suggested that
the primary reactions take place inside the bubbles, are primarily thermal,
and are brougbt about by the heat develcped during the adiabatic compression
of the gas bubbles. Thus no reactant is directly affected by the sound
field unless it has aufficient vapor pressure so that it is found inside
the ges bubbles in sufficient concentrations for reaction to take place
there. The following experiments were undertaken to determine the effects

of various gases on the rate of decomposition of 2 carhon tetrachloride-

water solution,

Experimental Procedure

The experimsants were carried out with a 2 mc quartz crystal
mounted in a lucite holder in one end of a glass tank. The tank was filled
with water to transmit the high intensity sound waves from the source io
the reaction vessel which was immersed in the water. The water served as
a constant temperature bath to maintain approximately cornstant tsmperature
inside the reaction vessel. The crystal was driven by an oscillator from
2 redin transmitter and the intensity was kept constant over a glven run

by keeping the voliage &cross the crystal constant. The voltage was

1 Y. Gr.;ffing, J. Chem. Phys., 18, 997 (1950); J. Chem. Phys., 20, 929
1952).,
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monitured with a vacuum tube voltmeter with & range of 0 to 1500 volts
ris. The absolute intensity was determined by observing the radiation
prasuur02 on & rubber diusc suspended in the tank in the usval way. The
reactions were carried out in tubes one inch inside diameter, 6 inches
long, c¢losed at one end and supported in a horizontal position in the
tank. The open erd of the tubs was closed with & cellophane film vhich
was non-reactant, impsrmeable to prodict and reactents, and permitted
99% of the scund energy to pess in£§ ths reaction vessel. The measured
intensitiee are the intensities of the sound beam entering the reaction
vessel. The reaction vesssel was closed at the far end so that all the
sound energy would be reflected back fnto the reaction vessel. Originally
it wae planned tc kesp o constant intensity by mesasuring the sound
intensity transmitted through a similar thin film at the far ond of the
reaction vessel and thus, by absorbing this energy, tc measure the effects
of a progressive wave of a known intensity. However, as soon as cavitation
begins, many 2mall bubbles are produced in the sound field and the scund
ensrgy is scatterea by the bubbles, ‘It was found that the most raproducibls
results were thus achieved Sy this set-up in which all ths aound energy is
scattered back into the reaction vesssl. Although this method of determin-
ing the relative dependence on intensity was adﬁquate,B it is not entirely
satisfactory for determination of chemizal effacts as a function of the

i

abeolute intensity of the sound beam.

P =

2 p.E, Fox and V. Griffing, J. Acoust. Soc. im., 21, 352 (1949).

3 Wihen the relative inteneity is measured in this way, it is possille to
obtain reproducible results with different crystais, mounts and tanks.
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The presancs of cavitation was assured Ly observing the cavita-
tion bubbles in a Tyndall team which was passed through the solution in
each experiment. Any experiment during which cavitation ceased was dis-
carded.

Many observers have reported the production of free chlorine
when water saturated with carbon tetrachloride is irradiated with ultra-
sonics; we made the assumption that we could follow the evoiution of free
chlorine by titretion as a measure of the rate of cur reaction for purycses
of determining the comparative role of varicus gases dlissolved in the solu-
tion. The acidity of the resulting solutions was also measured with a pH
meter, Double distilled water was degassed by boiling for fifteen minutes
in a specially designsd flask, The flask was equipped with stopcocks
which could be used to close ¢ff the water until it was cenled to room
temparature; then one of the pure gaseés was intrcduced inte the flask
through a two-way stopcock. A few milliliters of carbon tetrachloride were
introduced into the solution through a second opening, The flask wae then
shaken vigoerously for several minutes and allowed to stand for 15 to 24
hours (the saturated solution of CCl, in water at 20°C contains 5.8 x 10-3
moles/liter). Tha reaction tubes were squipped with two side arms with
stopcocks. These tubes were flushed out and completely filled with dis-~
v311led water which was then driven out with the gas being wiad in the
given experiment. The tubes weirs then filled with the solution from the

flask, care being taken that no excessz CCl, wes carried cver. Compressed

‘gas was used to force the solution frcm the flask to the reaction vessel.

The voltage wa) set to correspond to a given intensity and the runs ‘rsre

¢lociked with a siop woish, Miftv milliliters of the sample were pipetted
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into an Erlenmeyer flask containing 50 ml of 0.l normai potassiuvm jodide
and 2 ml of starch solution. After tén mimut~e titration was mads with
0.001 norwal sodium thiosulphate. The pH of the original and of the irra-

diated solution was checked. A serics of runs were made with solutiors

saturated wiih helium, neen, argen, nitrogen, oxygen; cardew iepexidé,

sulfur hexafluorids and freon.

Experimsntal Bogults

The rees:ultr are given ia the accomjunying graphs. In all cases
the titratior. curve gives the milliequivslents of free chlorine foru.. .
The pH curves give the milliequivalents of hydrogen ion formed. We have
also plctted a combined curve on the assumption that the end products
might be represented by tie following tentative stoichiometric equation:

CCl, H,0 —3 Clzt €O 2HCL

The vslidity of this scheme 1s doubtful inasmuch as the hydrolys’. of CCll‘
in sealed tubes at 250° C as reported by Goldschmidt® goes according to
the equation:

cC1 4 +- 2!!20 — €0, + 4EC1

Furthermor~, although Ua:lulors in tne ultrasonic study of thie reaction

has propesed the follow:@ng mechandi a1
Cclh-i- HQO -—-’6124' CO + 2HC

2HCL+ 0 — Cly+ H0

4 Goldechmidt, Ber., Lk, 928 (1881).
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Q
he reportu5 that "the scheme fails tu agree with tho fact that infrared
and mass spectrometric analyses show that CO5 is produced rathsr than CO".
However, we are not primarily interested at the moment in the detailed
chemical mechanisms =0 the reactions occurring, but rathar in the compar-
mon of the resulis as a function of the physical variables of the disaclvad
gas in order to uadsrsiand why uvltrascnics induces chemicai reactions. Thus
the interpretetion of the curves in terms of mechanism of the chemical resc-
tion 18 not necessary at preaent.6

In Figure 1 and Figure 2 the results of experiments on ths water-
argon~CCl), mixture is ﬁreaented. In Figure 1 the yield as function of time
is plotted. The deviation of these curves from linsarity is probably due
to the ccpplicatione introduced by secondary chemical) reactions and the
degassing of the solutiona. Much longer runs lead ic considerabvle complica-~
tions, but the rate does fall to a steady state value indicating some kind
of equilibrium. In Pigure 2 the yield as function of voitage is given.
Theso points represent an average of ssveral runs of five minutes sach for
each voltage., In Figure 3, Figure 4 end Figure 5, the yleld. of free
chlorine, hydrogen iqn concentration and the combined yields are plotted
a8 a function of time (the intensity is constant) for solution saturated
with various gases. The yleld of free chlorine seems to give the most
consistent results. In Figure 6, Figure 7 and Figure 8, the yield as

function of intensity is given for a number of gases.

5 Weiseler, A., NRL report, S-3482 (1949).

6 We ara now studying the reaction Hy0 - K205 as function of all the
pbysical variables. Here the secondary reactions do not complicate the
chemistry so much.
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in addition to 'honma results a set of careful experimhta were

water that was oxygen free.

the presence of minute traces of 0,.

with fluoro-substituted alkyl chlorides,

Freon 12 4 degassed water

Frzon 12 4 water 4. alr

Freon 12 4- degassed water

+ CC1,

Freon 21 4 degassed water
Frecn 21 | legacsed weter
+ CC1,

Genetron 4-degassed water
Genatron 4~degerssed water

+ ccy,

Hydrogen psroxide wes formed.

tillatiun and then heaated while pumning out for several hours, Then

undertaken to determine whether Hy02 could he produced by ultrasonics im

was carefully dsgassed by vacuum dis-

spectroscopically pure helium was admitted and these samples were irradi-
Thus it would seeh
that oxygen need not be present in order to produce Hy0p from water by

means of uitrasonics; howesver, it was not possible to rule out completely

In addition, experiments were made

Free Chlorine

meq.
0
0.027 x 10~3

0.031 x 1073
0

the results obtained in ten minuts runs at a constant intensity.

Try following summary indicates

pH_Change

5.5 2 5,0

6.6 - L.l
6.6 - 1'4‘07

6.8 - - 4.7
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Thu results of the runs with Freon 114 are shown on the graphs with the
other gases. In general, these gases were not useful in studying the
resaction selected since they reacted with the otherwise degassed watcer

urxder the influence of the ultrasonis beam.

Discussion of Results

The yield of free chlorine is seen in Figure 6 to be gruater
for those solutions which were saturated with gasrs having a high ratio
of specific heats (¥ ) and to decreass for the remsinirs gases in the same
order aa}f decregses. This suggrsts that the chemical reaction is due to
the high tempefaturoe produced by the asdiabatic compression of the gas
bubbles in the sound field; however, solutionz saturated witli gases having
the same ¥ (e.g. argon, nsou, hslium} do not give the same yleid. This
variation can be explained on the basis of the difference in thermal con-
ductivity and rate of diffuaion of the gases from the bubbles into the
liquid.

Since the yield dscre;sea as th; thermal conductivity of the
gases increase. one can eonclude that this reaction tekes place in the
gas phase. The fac; £hat solutions saturated with heliuﬁ.do not give much
greqter Yield than solutions saturated with nitrogen can be explained by
the high rate of diffusion of helium out of the gas bubblea., This is ‘
supp.. *sd by the fact that it is more difficult to maintain bubbling in
soiuvtions taturated with helium.

From the thermal proper :ies, one would have expected thst the
experiments with nitrogen a2nd carbon monoxide would give the same results.

A considerable difference was observed and this must bte dus eithar to a
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chemical complication or to the fact that carbon monoxide is abcut one &nd
one-half times as soluble as nitrogen. These experiments were dons with
saturated solutions of the gases, Further experiments determining the
dependan- v of the rate of reaction on the concentration cf dissolved gases
are being msde in order to clarify the dependence on solubility of the gas.

The jield of free chlorine increased with inerassing intensity
and followed a linear law within the experimental error. The dependence of
the yield on the nature of the dissolvud gas maintained the same relatjve
order over the entire intensity range.

Th=s complexity of the reaction (i.e. the hydrolysis of carbon
tetrachloride), the subsequent secondary reacticns, the production of
hydrogen peroxide perticuiarly when oxygeri was present, &nd the difficulty
of being sure that nc trece of dissolved oxygen was left in the water,
makes it difficult to obtain any more quantitative results from these
expsriments; in particular these factors are probably responsible for the
erratic hehavior shown in obsurved pd changes. The actual.production of
bubbles by the scund field seems to depend on a number of factors that ars
difficult to control. Since the resul's are esatirely dependent upon the
formation and persistence of bubLies, the detailed explanation of macharism
will only be possible ;rter the furdamentals of cavitation itself are
clarified.’

Conglusions
These experirsnts demonstrate that part of the reactions pro-

duced by ultrasonics zre correlated with the retio of specific heat of

7 Moasurements determiring the intensity threshold of cavitation &s a
function of gas content have been carried out in this laboratory by
V. Grifling and N. Sette and willi be published eisewhers.
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the dissolved gas; they support the previous conclunion1

that these reac-~
tions are thermal decompositions at high temperaturss produced by the
adiabatic comrression of the gas bubbles., In a previous papsr1 it has

bsen shown that thsrs is no appresciable heating in the ligquid phase surround-

.ing these gas butbbles insasmuch as the inversion of sucrose in acid solution

&1

does not increase in rate under ths influencs cf ultreecnics.

Kany reactiens in the liquid phase have been reportsed simply as
due to ultrasonics which ncw appear to be secondary reactions. For example,
oxidizing agents such as H,0, or OH radicals which have bsen formed in the
gas bubbles may disszolve in the liquid and csuse further reaction. Examples
of these are the dscompesition of KI and the oxidation of Na803 to NepS0,.
The chenge in pH of the solution brought about by reactione in the gas
bubbles is responsible for other reactions that have been attributed
direct’y to cavitation. An exampie of this 1z the slight increase in th&
rate of in§ersion of sucrose in nsutral sclutions. Iuminescence cbzerved
in some solutions is alao a secondary effect of the cavitation proceale
and 1is probably'chemilumineacence for water solutions,

Some reactions are dus to the temperatiie eiavation caused by
the absorption of acoustic energy of very high intensity in a shcrt path
length. An example of such a reaction is the denaturization of probeina.9
In these experiments ox eyes were irradi-nted with ultréeonica until cataracts

were pwoducod; That this was due to absorption heating wae conclusively

8 V. Grifting.and D. Sette, "Luminescence Produced as a Result of Intanse
Ultrasonic waves®, ONR Report No. 2 tc be published.

7 Lavine, lLangenatraus, Boyer, Fox, Criffing, and Thaler, Archivus of
Ophthalmclogy, 1952.
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demonstrated by placing a theruocouple in the center of the lens of the
syes and reccrding the tempsrature. Thaet the temperature reached was
sufficient to produce opacitivs was shown by heating eyes to the same
temperature in a constant temperature bath. The opacities were more
quickly produced at higher freguencies, which is to be expected, sirice
the absorption varies as the square of the frequency. Thie buggeais that
frequancy dependsnce would enable one to distinguish between reactions
dus to cavitation and those due to absorption heating. It is not p&s:iblo
at present to conciude definitely the mechanism of the depolymarization of
polymers by ultrasonics but a study is now in prcgress in this lsboratory

in an attempt to elucidate this matter,
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Threshcld of Cavitation in Water
Saturated with Pure Gasas and Gaseouz Mixtures

oy
Virginia Griffing and Daniel Setis

Experimsntal Procedurs

The evnarimental aatup for ths determination of the cavitation
threshold in water having various gases diassclved i it 1s indicated in
Figure 1. The sound source is lccated at one snd of a tank fillsd with
water (25 x 25 x 35 om’). Two opposite walls of the tank are glass plates

to ellow a 1light beam to pass in a direction normal to the scund bLeam.

‘Light from a 100 watt projector bulb is concentrated by an opticsl system

in the regicn of tlie sound field to be investigated. With such an 2rrangs-
meat very small cavities can be seen at the onset of cavitation.

A cell containing the 1iquid to be studied is put irside the

. tank near to the sound source in such a position as to allow eound resdia-

tion to unter freely. The walls of this cell are mede of glass mxcept
for the one near the input of the sound beam. This well ie & thin shoet
(.obmm thicknas;} of cellophans whose sound transparency is 99 percent.
Two tubes with stopcocks are used for filling the cell. ‘%he procedure
used for this operation is as follows., The cell is first filled with

water which has been doubly. distillsd. HNext the water is pushsd ocut usming

- the samwe compressea gas which is dissolved in theiliquid Lo be investigated.

¥inally the liquid solution is forced into the cell by external pressure

of the same gas from the container in which it was prepared.
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The preparation of tlie mixtures was made follicwi=g thes method
described by Fitzgerald . Doubly-distilled water is boiled for 30
minutes in a glass bulb to free most of the dissclved gases., At the end
of such psriod tho bulb is imolated from the atmosphere by closing a
stopcock and it is then cooled down to room temperature. The gas to be
dissolved is now introduced into the buib and the system is left at nearly
gtmasnharic preasure for about 15 hours in order to aitain equilibrium
before utairting the measurements., The transducer used was a barium
titanate plate resonaiing at 1.1 me/86c. To determin: the scund inieneity
in the fia1d a nalibration was made uainé a radiation pressure method. In
this way 1t was possible to determine the proportionslity constant betwesa
the sound intensity and.ﬁho square of the voltage applied to the barium
titanate plute. During this calibration the cell war ramovsd =5 tlal the
sound propagation took place exclusively in the water contatned in the
tank. The characteristics of the cell are such that yhile the sound enorgy
losses at the entrance of the cell can be neglecied, the reflections from
the curved glass surface at ?ha other end contribute somewhat to the shape
of the sound field inaidé the cell. Since we were interested mainly in
comparing results obtained under the same experimental conditions and
because the obaervatiop for the onset of cavitation was always made in the
region of ths cell near the sound entrancs wall where the influence of the
reflected waves is small, we have taken as cavitation threshcld £he in-
tensity of sound waves - measured in wacer at the same distance from
the source as the region of the cell where cavitation was Qbserved and

for the same voitage at the electromechanical traneduscer., The procedurs
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used for determining cavitaticn threshold was as follows: the voltage
was aprlled to the transducer for intervals of 15 seconds, allowing 30
mssonds rest in between. Each time the voltage was increaced a few per
cent above the precsding. As soon as small bubbies started to form the
voltage was turned off and thres minutes of rest allowed before starting
another run on the same specimen.

The precaution of not letting cavitation go for an appreciable
time proved to be important in order to obtsin better agreement with the
rosults for different runs on the same specimen and on other specimens.
This fact is clearly shown by Table J. It refors tc four specimens of
distilled water saturated with a mixture N2>-02 having 75 percent -Ns. L
measurements on tho firat specimen were made allcwing cavitation to
proceed for about 1 minute at the end of each run. The measurements on
the oti..sr specimens were made without letting the cavitation continue.
The reason of this bshavior is seen in the fact that the threshold of
cavitation depends, in addition to other factors, on the amount of gas
dissolved in the liquid and this quantity ouviously changes as cavitation
draws gas out of the 1liquid, This effoct is more sasily detectable wher
the épantity of iiquid irradiated is small as it vas in our case (about

80 cc).

The timperature at which the measurements wsre performed was

21 +0.5°C.

Results
Table II gives the values of cavitation thrsshold fohnﬁ;in ]

saries of solutions of pure gases in “istilled water. The gasas considered

are oxygen, nitrogsn, argen, carbon moncxide and sulphur hexafluoride.
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: The Table III gives the results obtained in distilled water.

saturated with different mixtures of N2-0, and A-02.
Both pure gasas and gaseous mixtures were obtained from the

Matheson Co.

Table I

Effect of Degassing the Liquid on the Cavitation Threshold
Distilled Water Saturated with a Mixture 75% N2-25% O,

Voltasge at the Soures

D, ¥ M s N B A A S e N A
Snaslioen g+ LU VAVLILBLLIVI; VIiZOv
XTIt S0MB4 kA YOVILYB VAV VSO

5¢
54
56
58
60
29
60

50
50
52
50
51
52
54

51
52
52
52

1

51
51
52
51
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Table IX
Bidistilled Water Saturated with Va-inue Gasss

Cav. Thyres,

Gas (W/ st )
SF6 1.40
A 1.1&
0 +¢96
(v .78
Tabls JIX
Bidistilled Water Saturated with Casaous Mixtures
i) 62-52 B) Ox~Ar
8% Cav. 8. A% Cav, Thres.
2 o) emdy
0 296 0 96
5 .88 25 [ 96
15 «86 50 .78
25 .89 75 57
50 o TN 85 71
75 .01 95 1,03
100 .65 100 1.16

Experiments are under way in the physice department which will
determine the threshold of cavitation in various orgahic liquids., Only
preliminary expoerimen. s are now completed, howevcr, the thresshold ceems

to be somewhat higher than in water.
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On the Oiigin of Cavitation in Liquids

by
F.E. Fox, Virginia Griffing and Daniel Sstte

As is well known cavitation by intense ultrasonic waves in a
liquid in which gases are dissolved starts at values of acoustic pressure
well below the pressure needed for tearing apart the liquid. At present
it is assumed that this effect is due to the presence of small solid or
gaseous nuclei around which the gaseous bubbles can grow during acoustic
irradiation.

A difficulty arisos for essuming the existence of gaseous nuclei
due tortho fact ihat if the sizes of the nuclei are very small, as must
be the case, it is not cioar now they can remain in equilibrium under sur-
facs tension and external and internal pressures. To avcid this diffioulty
it has been suggeated ‘hat a skin of orgenic grea&y materials envelcpes the
gaes nuclei. Some experiments, whicli are here reported, zeem vo show that
this skin hyrothesjs is not satisfactory.

The firet experimsnt shows that cavitation occurs in carbon
tetrachloride and benzene always at sound preasures far from those needed
for tearing apart the liquids. These two liquids are usually consldered
efficient solvents for organic matoerials such as those which are supposed
to coustitute the skins,

A second oxperiﬁbnt has been performsd in order to see if
cavitatlon can occur in & liquia which has gases dissolved in it but is

ires of aolic nuclei ard of possible skins for géuooun nuclei.
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The figure shows tihe glass apparatus used. It is formed by Lhree
glass bulbas. Tha buldb A containas spectroscopic Argon produced by the Linde
Co. . It is sesalsd inside the tubing connecting it to the rest of the
apparatus., The fragiis glass ssaling can te easily bro-in by a metallic
ball of magnetic material which is normally located in the seat B and can
be moved by using a magnet outcide of the apparatus. The one liter glass
bulb C 1is 2 reservoir of water; the tulb D is the cell where ultrasonic

i

e iiquid to ve testad, Fart of the

Waves ure nropazatsd in o

»¢ bult D haa been reduced to a very small thickuess $0.3mm) in order to

r

decrease th§ losses of sound energy entering the cell., The sound source
was & quartz crystal naving a resonance frequency of 670 kc/sec. Watsi
¥as ussd as an intermediary medium between the quartz crystal and the bulb D.

Doublw-distilled water was initroduced intc ths bulb C through ths
pipe E, By reducing the pressure in tﬁe apparatus Lo the water vapor
precsure at room tempsrature iLne water was boiled for 30 minutes to free it
cf dissolved gases, Then the tubing E was socaled under vacuum,

If under these conditions some weter is allowed to go from buldb
C to bulb D and ultrasonic waves are sent into the lattnr no> cavitation can
be detected with a sound intensity of about 3 watt/ca® notwithstanding tie
fact that a light beam sent through the bulb D shows thet =oms smanll solid
particles are suspended in the liquid.

Following this test ali the water was transferred into bulb C
and low velocity distillation of water into bulb D and in the various
tubings was sffected by maintaining a small temperature difference tetwesn

S and the reat of the apparatus. This operation, repesated many times,
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succeedsi in removing all the solid particles from the bulb D &nd the tub-
ing cenﬂ-ﬁt‘ n which could act as nuclei i: the cavitation process. at
the end of the repeated distillation there remainad in bulb T a water sample
in which no suspended particles could Le seen by scattered light while the
bluizh color characteristic of molecular scattering was ohbserved by passing
a light beaw through the liqgid.

In bulb D then we had a samplo of water free of solid nuclei and

Iy
withoui an

3

apnreciable amount of dissolved gases, The aim of the ressarch
wa3 to see. if adding a very cisan gas to the water was sufficient te produce
cavitaticn by = sound field, For this reason the seal of the Argon container
wss broken with the metallic ball. At the time the seal was covered with
about 2 cm of distilled water in the glass tubing conn?cting bulh B to the
rest of the apparatus,

After breaking the seal no cavitation was observed for about 25
minutes using a sound intensity of about 3 watt/cm?. During this paried
some small solid particles suspended in the water wer~ abaserved. It is
believed that they were small glesa fregmenis which wWere prcduced when the
Argon sealing was broken. It could be that some of them were not etopped
by tho water distilled on tup of the sceling because of the violence of the
effiux of the gas from bul§.8, After 25 minutes cavitation appeared in very
vigorous way. ‘

The pressnce of some solid glass dust particles in the liauid
before the cavitation started does nct allow us to draw 2 positive conclu~
sion on the experiment, but the vigor with which the cavitaticn was
suddenly established cannot be explained bf the presence of few solid

particles. If this were the cese the sxperimesnt would have to bé imterpreted
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zanse thet cavitation can appear also if there are no preexistent

s ekt dall Bl gied g

nuclei. Then it would be necessary to consider a different process for the

beginning of formation of bubbles in a liquid under sound radiation.
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